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Abstract

Background: Many health systems are interested in increasing the number of uncomplicated and typical

dementia diagnoses that are made in primary care, but the comparative accuracy of tests is unknown.

Design: We did a diagnostic test accuracy study in general practice, in people over 70 years who had
consulted their GP with cognitive symptoms but had no prior diagnosis of dementia. The reference
standard was specialist assessment, adjudicated for difficult cases, according to ICD-10. We assessed 16

index tests at a research clinic, and additionally analysed referring GPs clinical judgement.

Results: 240 participants had a median age of 80 years, of whom 126 were men and 132 had dementia.
Sensitivity of individual tests at the recommended thresholds ranged from 56% for GP judgement
(specificity 89%) to 100% for MoCA (specificity 16%). Specificity of individual tests ranged from 4% for
Sniffin’ sticks (sensitivity 100%) to 91% for TUG (sensitivity 23%). The 95% centile of test duration in
people with dementia ranged from 3 minutes for 6CIT and TAC, to 16 minutes for MoCA. Combining tests
with GP judgement increased test specificity and decreased sensitivity: e.g., MoCA with GP Judgement

had specificity 87% and sensitivity 55%.

Conclusions The selective use of tests based on GP judgement was a more efficient strategy. Choosing
subsequent tests based on GP judgement, using IQCODE in people who GPs judge as having dementia
and 6CIT in people who GPs judge as having no dementia, would be a time-efficient and accurate

diagnostic assessment.

The original protocol for the study is available at

https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-016-0475-2
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Main Text

Background

Enhancing the role of general practitioners in making a diagnosis of dementia in uncomplicated cases is a
priority in the UK [1], but a barrier for General Practitioners (GPs) is choosing between the wide variety of
brief cognitive assessments (BCAs) that are available [2,3]. There is little evidence to help GPs choose

between tests; indeed, national guidelines recommend different tests [4].

GPs use time as a diagnostic test [5], and dementia is a progressive disorder which can be difficult to
diagnose early in the disease process. However, some people wait a long time for a diagnosis after
presenting with symptoms largely due to practical and logistical difficulties in accessing specialist
expertise [6]. GPs making a formal diagnosis of dementia in uncomplicated cases can reduce anxiety,
avoid unnecessary waiting and investigations for alternative diagnosis [7], and is often needed to access
additional social care and support (albeit this being an aspect of system design rather than necessity).
Most people who are consulting about memory problems would want to know if they had dementia [8].
There may also be benefits to explicitly recognising more advanced dementia in people who have lost
capacity and insight, as this can prompt a holistic re-evaluation of care-goals and avoid unnecessary tests
and treatments [9]. There are currently no widely available disease modifying treatments for dementia,
and a focus on highly sensitive tests that does not “miss” any cases of dementia in primary care may
result in an overwhelmed secondary care service with unclear benefits for individual patients and families

[10].

The available evidence typically has limited applicability for GPs evaluating people with possible dementia
in primary care. Firstly, current studies often report diagnostic accuracy in an asymptomatic population
and therefore are more applicable to screening or case finding [11-13] than helping to support a
diagnosis in those presenting with clinical symptoms, who have higher pre-test probability of disease.
Secondly, studies often investigate accuracy for the target condition of all cognitive impairment [14],

rather than specifically dementia, typically with the implicit assumption that all people with cognitive
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impairment including both those with dementia and those with mild cognitive impairment (MCI) require
specialist referral. Thirdly, studies typically investigate a single test in isolation, rather than making direct
comparisons between tests in the same study [15], allowing only indirect comparisons. Fourthly, studies
often investigate the accuracy of tests in (high prevalence) specialist settings rather than in the (relatively
low prevalence) general practice population, and test accuracy is related to prevalence and the spectrum
of disease severity [16]. Finally, existing studies tend to evaluate the accuracy of tests alone rather than

when combined with GP judgement which is what happens in “real world” clinical practice.

To address the limited applicability of existing studies to primary care, we conducted a study in people
with symptoms of possible dementia who had consulted about these with their GP. The aim of this study
was to quantify the test accuracy of a range of non-specialist candidate tests, suitable for use in a GP
clinic for the evaluation of cognitive symptoms, alone and in combination with GP judgement, compared

to a reference standard specialist assessment according to ICD-10 criteria.

Method

Population

We recruited participants consecutively from 21 participating GP clinics from a total 82 practices in the
Bristol, North Somerset, and South Gloucestershire (BNSSG) area between March 2015 and May 2017.
Research clinics took place in four participating GP clinics. A minimum sample size of 200 was needed,
based on a specificity of 95% in prior studies and a 75% prevalence of dementia in local memory clinic

data [17].

Participants were people with cognitive symptoms but no prior diagnosis of dementia, who were aged at
least 70 years and had been referred by their GP to this research study. Cognitive symptoms were not
specified but generally include disturbance in memory, language, executive function, behaviour, or
visuospatial skills [18]. Symptoms were required to be present for at least six months, and could be
reported by the person themselves, a family member, a professional, or another person; there was no

severity threshold. Symptom duration was determined from the clinical history. Cognitive symptoms did
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not need to be the main focus of the consultation with the GP: an enquiry about cognition could be

initiated if there was a perception of a problem.

People were excluded if they had a known neurological disorder (i.e. Parkinson’s disease, Multiple
Sclerosis, learning disability, Huntington’s disease), were registered blind, or profoundly deaf (i.e. unable
to use a telephone), had a psychiatric disorder requiring current secondary care input, or if cognitive
symptoms were either rapidly progressive or co-incident with neurological disturbance. People with

cognitive problems that were so advanced that they were unable to consent were excluded.

GPs were encouraged to refer a consecutive series of eligible patients with cognitive symptoms. The
research team took written consent from all participants. An accompanying informant was mandatory
and informants also gave written informed consent to participate. All participants were offered free
accessible transport and translation services. All methods were carried out in accordance with relevant
guidelines and regulations including Declaration of Helsinki. The National Research Ethics Service
Committee London — Bromley (reference 14/L0/2025) gave a favourable ethical opinion on 25 November
2014. NHS Research and Development approvals were granted by Avon Primary Care Research
Collaboration on behalf of Bristol, North Somerset and South Gloucestershire clinical commissioning

groups. The University of Bristol acted as Sponsor.

GP Judgement

The referring GP recorded their clinical judgement using an electronic referral form during a consultation
with their patient. GP judgement was operationalised as normal, cognitive impairment not dementia
(CIND), or dementia as options for response to the question “Is your gut feeling that this person has...”.
GPs were not specially trained, were not required to arrange any test, and could refer people
simultaneously or subsequently to NHS services. We specifically instructed GPs that they did not need to
use any prior cognitive test (we did not mention the index tests by name as we judged on balance this
could increase the risk they may be used). The study team contacted the practice at least three times to

obtain any missing referral data.
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Index tests

The index test battery was selected following a review of the literature and on the basis of the following
criteria: not copyright and either previously evaluated in primary care or not previously evaluated in
primary care but of interest [19]. The index assessment included eight brief cognitive assessments, three
physical tests, and five informant evaluations. Index tests were all performed by the same examiner
(STC), a medical doctor undertaking postgraduate training in general practice and a PhD in diagnostic
tests. We conducted index tests as instructed by the original authors and followed instructions of the
original test authors for clock scoring. We used prespecified test thresholds which are provided in
Supplementary Table 1. We calculated time taken for each test in minutes from the start to end time of
each test. The eight brief cognitive assessments were the memory alteration test, M@T [11]; Eurotest
[20]; Phototest [21]; Scenery Picture Memory Test, SPMT [22]; Six item cognitive impairment test, 6CIT
[16]; general practitioner assessment of cognition, GPCOG [23]; Mini-cog [24]; Time and Change, T&C
[25]. The three physical tests were Timed Up and Go (TUG) [26,27]; extra-pyramidal signs scale, EPSS
[28]; and Sniffin” sticks [29]. The five informant questionnaires were the Pfeffer FAQ [30]; Lawton IADL
[31]; Katz ADL [32]; 8-item AD8 [33]; and short form IQCODE [34]. Where possible, items were not
repeated, e.g. the 6CIT [16] and the GPCOG [23] both require the recall of a 5-item name and address,
and to avoid burdening and potentially confusing participants this item was done once and then scored

separately for each test.

The Montreal Cognitive Assessment, MoCA [14] was initially not included in the index battery as it was
originally designed to diagnose or identify MCI, had been advocated for use in secondary care [35] and
had not been investigated in primary care [36]. We revised the protocol in light of subsequent policy
changes in 2015 that encouraged GPs to diagnose dementia in typical situations without referring to a
specialist [7] using the MoCA as the preferred instrument. We replaced the M@T with the MoCA because
we judged that including both the MoCA and the M@T would be overly burdensome for participants and
have little added value. We imported Sniffin’ sticks on special order and so we added these at a later

stage to avoid delaying the start of recruitment while waiting for this single test.
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Excluding Sniffin’ Sticks, we randomly assigned the order of the index tests in the battery for each
participant to avoid the effect of order influencing test accuracy. The examiner offered each participant
the chance to undertake every test in the battery but was responsive to the participants if they appeared

to be becoming tired or distressed.

Reference standard

At the research clinic, a single specialist physician (JH) with more than 20 years’ experience in the field of
dementia conducted a standardised assessment, including the Addenbrooke’s Cognitive Examination
(ACE) 1l [37], Brief Assessment Schedule Depression Cards (BASDEC) [38] and the informant-completed
Bristol Activities of Daily Living (BADL) Questionnaire [39], lasting approximately 60 minutes. The
specialist was not aware of other test results such as clinical judgement of the referring GP, research
clinic index tests, or any investigations. We randomly allocated participants to see the specialist before or
after the index tests. All participants were offered, and encouraged, to have a gentle break of 10-20
minutes for a drink and snack between sessions. A second specialist, who had access to the primary care
medical record for six months after the research clinic follow-up, as well as all information available to
the primary specialist, adjudicated borderline cases. The reference standard was an integrated expert
assessment according to ICD-10 criteria [40] for each individual patient, and specific test thresholds were

IH

not used; people with CIND were included in the “normal” group for evaluation of test accuracy since we
were specifically interested in the test accuracy for dementia. We used the term CIND in the reference
standard, while also classifying MCI, for consistency with GP judgement who classified against CIND (GPs

being generally unfamiliar with MCl criteria). Study data were electronically entered and managed using

REDCap (Research Electronic Data Capture) hosted at the University of Bristol [41].

Statistical methods

We calculated a potentially eligible population by indirectly standardising the population at risk of
dementia in recruiting practices based on age specific incidence of dementia [42] and GP list size [43]. We

used a regression model with total ACE-lll score as the dependent variable and categorical randomly
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allocated assessment order (index battery first or specialist assessment) to investigate a possible effect of
assessment order on test scores. We calculated the median and range ACE-IIl total scores for people who
were classified by GPs as being normal but in fact had dementia, compared to people who were correctly
classified as having dementia. We classified test duration by the 95 centile of test duration, the time
which clinicians could expect 95% of people to complete the test. We calculated measures of test
accuracy (sensitivity, specificity, likelihood ratios, predictive values) together with 95% confidence
intervals. To determine the effect of combining tests with GP judgement we calculated the accuracy of
each test combined with GP judgement so that the combined test positive was taken as being both GP
judgement positive and the other test positive; and the combined test negative was taken as either both
or one of judgement/test negative. We also calculated the diagnostic accuracy when using an approach
of “stratified sequential testing”, where clinical judgement determines what further test should be done,
by calculating the diagnostic accuracy in cross-tabulations that were restricted based on GP Judgement.
We evaluated how GP judgement influenced the discrimination of the index tests by calculating the

AUROC (area under the ROC curve) stratified by GP judgement.

In an exploratory analysis we used a bootstrapping procedure with 1000 replications to compare the
numbers misclassified, either as false positives or false negatives, from different combinations of
cognitive tests, using either an unstratified approach (one cognitive test) or a stratified approach
depending on GP judgment. Test combinations for the exploratory bootstrap procedure were chosen on
the basis of the three tests with the greatest number of true positives and true negatives for each

stratum (unstratified by GP Judgement, GP judgement dementia, GP judgement not dementia).

In practice there is a finite amount of resource available to assess people with symptoms of dementia,
and longer assessments mean that fewer people can be evaluated. To account for the trade-offs between
test duration and accuracy we derived the numbers of people that a full time (37.5 hours a week) NHS
Memory clinician could classify in a population of up to 1000 people, using the (simplified but
implausible) assumption that all working time was spent administering cognitive assessments. To derive

these figures, we used sensitivity and specificity of each index test stratified by GP judgement, together
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with 95t centile of test duration also stratified by GP judgement (to account for test duration being
longer in people who GPs suspected of having dementia). For informant completed tests which can be
completed independently of a clinician we used the time for the shortest duration brief cognitive
assessment, since a practical implementation would be for an informant to complete their questions

while a clinician evaluated the patient.

All analysis was done using Stata Version 15.
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Results

Participants

Recruitment is described in detail in a separate paper [44]. Figure 1 shows that GPs referred 456 people,
of whom 240 (53%) participated and had available data, 45 were ineligible (10%) and 155 declined (34%).
Of 240 participants, 47 were normal, 61 had CIND (59 of whom had Peterson MCI) and 132 had
dementia. The median age overall was 80 years (IQR 75 to 85 years), and the median ACE-IIl total score
was 75 (IQR 65 to 87); the median age of leaving school was 15 years (IQR 15 to 16 years) and the median
months since symptom onset was 24 months (IQR 12 to 36 months). Using indirectly standardised rates
in the recruiting practices we estimate that during the recruitment period around 1,735 people would

have been potentially eligible, of whom GPs referred 456 and we saw 241.

GPs judged 34 people as being normal, 120 as having CIND, and 86 as having dementia. People that GPs
judged as having dementia had a total ACE-lll score IQR of 60 to 74 with a 90th centile of 81/100 and a
highest score of 95/100, compared to published ACE-Ill thresholds of <82 for dementia. Six people with
dementia were classified as normal by their referring GP, these people had a median ACE-IIl total score of
72 (range 69 to 82 points) and had a median age of 82 years (range 79 to 86 years). In contrast the 73
people with dementia who were classified as such by their GPs had a median ACE-IIl total score of 65

(range 26 to 92 points) and had a median age of 82 years (range 71 years to 94 years).

Table 1. Characteristics of participants by cognitive category by reference standard

Dementia CIND Normal
n=132 n=61 n=47
Sex n (column %)
Male 68 (51) 35(57) 23 (49)
Female 64 (49) 26 (43) 24 (51)
Age
At clinic (years) Median (IQR) 82 (77-86) 80 (75-83) 75 (72-80)

10
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Age of leaving education (years) 15 (15-16)
Median (IQR)

Symptom onset Median (IQR) (months)
Time ago 24 (12-36)
ACE-Ill Score median (IQR)

Total (max 100) 69 (61-74)

GP Judgement n (row %)

Normal 6 (18)
CIND 52 (43)
Dementia 74 (86)

15 (15-16)

18 (12-24)

82 (76-87)

9 (26)

41 (34)
11 (13)

16 (15-16)

21 (12-36)

93 (90-95)

19 (56)

27 (23)
1(1)

Dementia according to ICD-10 [40]

ACE-IIl Addenbrooke’s’ Cognitive Examination Ill; CIND Cognitive impairment, not

dementia.
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1 Fig. 1. STARDdem flowchart for inclusion of participants in the study

Notes re-
view of 220
Abnormal neu-
roimaging 7
None refuting

diagnosis ¥

E Referred 456 }

E Seen 241 }

Not seen 215
Declined 155
Uncontactable 15
Ineligible 45

Ineligible 45
No informant 16
Pre-existing
diagnosis 12
Insufficient
duration 8
Exclusion criteria 9

[Reference test 240 }

Withdrew 1 7

A

EAssigned category 220 i}

Classified 240

Borderline
cases 20
MCI or normal 7
MCI or dementia 12
Unclassifiable 1

A

A

Dementia 132

CIND 61 §

Normal 47

Exclusion
criteria 9
Age < 70 years 2
Blind 2
Under psychiatrist 2
Learning
disability 1
Deaf 1
No memory

problems 1

T one person had to withdraw part way through the reference test as they were acutely ill
¥ Dementia according to ICD-10 [40]
$ of 61 with CIND 59 met criteria for Peterson MCI [45], 1 affective disorder, 1 brain injury) ¢

One person met criteria for ICD-10 dementia and also had features of normal pressure
hydrocephalus. Expert review endorsed a reference standard diagnosis of dementia.

People with advanced cognitive problems who could not consent were not eligible and were
not referred by GPs.

12
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Table 1 presents the characteristics of participants. Of 240 participants, 53% were men, median age was
80 years, median symptom duration was 24 months and the median ACE-Ill score was 70 out of 100,
compared to published ACE-IIl thresholds of <82 for dementia and < 88 for MCl. Median age of leaving
education age was 15 years (range 13 years to 19 years). Table 1 also provides a 3x3 cross tabulation of
GP judgement against the reference standard, showing that referring GPs judged that 86 patients (36%)
had dementia. In a regression model with total ACE-Ill score as the dependent variable and test order
(index test / reference test first or second) as the independent variable, people who the specialist
assessed first scored 2.4 points more on ACE-IIl (95% Cl -1.3 to 6.1) points than those who underwent the
index test battery first, after adjusting for age, sex and cognition category they scored 1.9 points more

(95% Cl -0.8 to 4.5) than those who underwent the index battery first.
Test characteristics

Fig. 2. Duration of index tests, all cognition categories

M@T }—i | I——{ o
MoCA l—‘:lj—l @ 5] e
Eurotest }—D:}—1 &

T&C [ o

Phototest oo | oo
SPMT ° L |—D—| ® 0o e ®
6CIT( I o

GPCOG

TUG f—D—{oooo

Sniffin'sticks| @ @ @ |1 @ e @

EPSS|® | ® @ o
0 5 10 15 20
Duration
minutes
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The box plots the median (darker middle line) and the quartiles (box edges), the whiskers enclose the lower
(quartile 1 - 1.5 x interquartile range) and upper (quartile 3 + 1.5 x interquartile range) adjacent values, and
the dots mark the outlying values.

There was wide variability in test duration (Figure 2) with the 6CIT having the shortest median duration (1
minute) whereas MoCA had the longest median duration (11 minutes). There was also variation in the
range of times taken to complete tests, which differed between tests, for example being much greater
for MoCA (range 7 minutes to 22 minutes) than Phototest (range 1 minute to 5 minutes). Classified by the
95t centile of test duration (C95), the short duration (<5 minutes) tests were: EPSS (C95 2 minutes), T&C
(C95 3 minutes), 6CIT (C95 3 minutes), Phototest (C95 4 minutes), and GPCOG (C95 4 minutes). The
medium duration (=5 minutes but <10 minutes) tests were: TUG (C95 5 minutes), Sniffin’ sticks (C95 6
minutes), SPMT (C95 9 minutes), and Eurotest (C95 10 minutes). The long duration (> 10 minutes) tests

were: M@T (C95 11 minutes) and MoCA (C95 15 minutes).

Supplementary Table 1 shows the characteristics of the brief cognitive assessments and physical tests in
terms of differential performance by cognitive status and test duration. We observed that performance
on every test was worse for people with dementia than people who were cognitively normal, except for
the Sniffin’ sticks, and that tests took longer for people with dementia or CIND than people who were
normal, though for many tests this could have been due to chance (that is confidence intervals

overlapped).

Diagnostic accuracy

Table 2. Accuracy of brief cognitive tests for the diagnosis of dementia

Alone With GP Judgement*
Sensitivity Specificity Sensitivity Specificity
(95% Cl) (95% Cl) (95% Cl) (95% Cl)

Cognitive or physical tests

Brief tests, 95%. Completed within less than 5 minutes

EPSS 85 (78 to 90) 30 (21 to 39) 44 (35 to 53) 91 (84 to 95)

T&C 27 (20 to 36) 96 (91 to 99) 17 (11 to 24) 100 (97 to 100)

14
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Phototest 57 (48 to 66) 82 (74 to 89) 37 (29 to 46) 94 (88 to 98)
6CIT 76 (67 to 83) 70 (60 to 79) 46 (37 to 55) 93 (86 to0 97)
GPCOG 93 (87 to 97) 52 (42 to 62) 55 (46 to 64) 91 (84 to 95)
Mini-cog 70 (61 to 77) 73 (64 to 81) 42 (34 to 51) 94 (87 to 97)
Medium tests, 95% completed within 25 but <10 minutes
Eurotest 70 (62 to 78) 81 (72 to 88) 44 (35 to 53) 97 (92 to 99)
SPMT 77 (69 to 84) 78 (69 to 85) 49 (40 to 58) 96 (91 to 99)
TUG 23 (16 to 31) 91 (84 to 95) 14 (9 to 21) 98 (93 to 100)
Sniffin’ Sticks 100 (96 to 100) 4 (1to 11) 51 (41 to 61) 88 (80 to 94)
Longer tests 95% completed within more than 10 minutes
M@T 63 (41to 81) 80 (44 t0 97) 54 (33 to 74) 100 (69 to 100)
MoCA 100 (97 to 100) 16 (10 to 25) 55 (45 to 64) 87 (77 to 93)
GP 56 (47 to 65) 89 (81 to 94) - -
Judgement
Informant data
FAQ 27 (19 to 35) 97 (92 to 99) 19 (13 to 27) 98 (93 to 100)
Katz ADL 26 (19 to 34) 95 (90 to 98) 15 (9 to 22) 99 (95 to 100)
Lawton IADL 37 (29 to 46) 87 (79 to 93) 26 (19 to 34) 96 (91 to 99)
ADS 96 (91 to 99) 32 (24 to 42) 55 (46 to 63) 92 (85 to 96)
IQCODE 95 (90 to 98) 38 (28 to 48) 56 (47 to 64) 91 (84 to 96)

*Combined test positive was taken as being both GP judgement positive and the other test positive; and
the combined test negative was taken as either both or one of judgement/test negative.

See Supplementary Table 1 for test abbreviations. Cl confidence interval

Table 2 indicates that some tests with high sensitivity are better for ruling out dementia whilst others
with high specificity are better for ruling in the diagnosis. The tests with the highest sensitivity were
MoCA at a threshold of 26 (sensitivity 100%; 95% Cl 97% to 100%) and Sniffin’ sticks at a threshold of 11
(sensitivity 100%; 95% Cl 96% to 100%). In contrast the tests with the highest specificities were FAQ
(specificity 97%; 95% Cl 92% to 99%), T&C (specificity 97%; 95% 91% to 99%) and Katz ADL (specificity 95;
95% Cl 90% to 98%). GP judgement had modest sensitivity (56%; 95% Cl 47% to 65%) but was the third

most specific test (89%; 95% Cl 81% to 94%).

15
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For many brief cognitive assessments, using tests in combination with GP judgement led to a reduction in
sensitivity and increase in specificity. In contrast, informant measures were less affected by combining
with GP judgement, although the sensitivity of both AD8 and IQCODE combined with GP judgement were
much lower than when these two tests were used alone. When combined with GP judgement the
combined test with the highest sensitivity was GP+IQCODE with sensitivity 56% (47% to 64%), and the

combined test with the highest specificity was T&C with specificity 100% (97% to 100%).

16
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1 Impact of GP Judgement on test performance

2 Table 3. Discrimination of tests, by GP judgement

TEST AREA UNDER ROC CURVE (AUROC) (95% PPV FOR DEMENTIA (95% NPV FOR DEMENTIA (95%
confidence interval) Results 102 confidence interval) Results 102 confidence interval) Results 102
Overall GP dementia GP not GP dementia GP not GP dementia GP not
(n=240) (n=86) dementia (n=86) dementia (n=86) dementia
(n=154) (n=154) (n=154)

EPSS 57(52t063)  48(36t060) 62 (56 to 68) 85 (75 to 93) 45 (36 to 54) 11 (1 to 35) 88 (73 to 97)
TAC 62 (58t066)  65(60to70) 60 (54to66) | 100 (85 to 100) 78 (52 to 94) 19 (10 to 31) 68 (59 to 75)
6CIT 73(67t079) 58(43t072)  71(63to 78) 88 (78 to 95) 62 (49 to 74) 24 (7 to 50) 79 (69 to 87)
GPCOG 73(67t078) 58 (47t069)  71(65to 78) 88 (79 to 94) 54 (44 to 65) 67 (9 to 99) 87 (76 to 94)
SPMT 78(72t083) 77 (63t092)  71(64to 79) 94 (86 to 98) 65 (51 to 77) 47 (23 to 72) 78 (69 to 86)
TUG 57(52to61) 54(42t066) 56 (50to 62) 90 (68 to 99) 58 (34 to 80) 15 (8 to 27) 67 (58 to 75)
M@T 71 (53 to 88) 93(.t0100) 50(30to70) | 100 (75 to 100) 50 (7 to 93 33(1to0 91) 50 (23 to 77)
MOCA 58 (55 to 62) (.to.) 59 (55 to 63) (.to.) 41 (32 to 50) (.to.) 100 (79 to 100)
PHOTOTEST 70(64to75) 58(42to74) 66 (59 to 73) 89 (78 to 96) 67 (50 to 81) 19 (7 to 36) 73 (63 to 81)
MINICOG 71 (66 to 77) 59 (43 to 74) 70 (62 to 77) 89 (78 to 95) 62 (48 to 75) 22 (7 to 44) 77 (67 to 85)
EUROTEST 76 (71 to 81) 77 (63 to 90) 71 (63 to 78) 95 (86 to 99) 66 (52 to 79) 36 (18 to 58) 77 (68 to 85)
SNIFFIN’ 52 (50 to 54) (.to.) 53 (50 to 55) (.to.) 39 (30 to 48) (.to.) 100 (40 to 100)
FAQ 62 (58t0 66) 59 (46to71) 58 (53 to 63) 93 (76 to 99) 91 (59 to 100) 17 (8 to 29) 66 (58 to 74)
ADL 61(56t065) 59(49to68) 61(55t067) | 95 (75 to 100) 79 (54 to 94) 17 (9 to 28) 69 (60 to 76)
IADL 62(57t067) 56(41to71)  58(51to 64) 90 (75 to 97) 60 (39 to 79) 17 (7 to 30) 67 (58 to 75)
ADS 64 (60to 69)  61(48to74) 64 (59 to 70) 89 (80 to 95) 46 (37 to 56) 60 (15 to 95) 91 (77 to 98)
IQCODE 67(62t072)  55(45t065) 65 (59to 72) 89 (80 to 95) 50 (40 to 60) 100 (3to 100) 86 (72 to 95)

3 PPV positive predictive value NPV negative predictive value See Supplementary Table 1 for test

4 abbreviations . Missing data (.) are where the value is not computable. e.g., for example no cases

5 where GPs judged a diagnosis of dementia were test-normal on MoCA

6

7

8 Table 3 shows how GP judgement impacts the discrimination of the index tests quantified using the

9 AUROC. SPMT was the test with the highest AUROC overall (AUROC 0.7753 95% CI 0.7220 to 0.8285), and

10 the AUROC was similar regardless of GP judgement for dementia (AUROC 0.7725 95% Cl 0.6283 to

11 0.9168) or not dementia (AUROC 0.7148 95% CI 0.6402 to 0.7894). AUROC was generally higher in people

12 classified as not having dementia than those classified as having dementia. However, the converse was

13 true for TAC, SPMT, M@T, and Eurotest, suggesting that these tests may be more useful in people who

14 GPs judge as having dementia than in people who GPs think do not have dementia.
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Table 3 also shows the PPV (positive predictive value) and NPV (negative predictive value) for each test
stratified by GP judgement. The predictive values are dependent on GP judgement because this
influences the prevalence of disease. PPVs were higher when tests were restricted to GP dementia +, and
NPVs were higher when restricted GP dementia -, probably attributable to prevalence effects. PPV for
M@T was 100% (95% Cl 75% to 100%) in people classified by GPs as having dementia, but only 50% (95%
Cl 7% to 93%) in people classified as not dementia. In contrast NPV for a normal Eurotest was 77% (95%
Cl 68% to 85%) in people classed as not dementia, but only 36% (95% Cl 18% to 58%) in people who GPs

thought had dementia.

Natural frequency classification

Supplementary Table 2 shows the natural frequency classification of people in a hypothetical population
of 1000 people. Based on our data 550 of the 1000 people have dementia, GPs would classify 358 of the
1000 as having dementia, being correct in 308 of the 358. Without taking GP judgement into account
SPMT is the test with best classification, leading to half (526) testing positive and potentially needing
referral, of these 426 would be true positives (TP) with 100 false positives (FP); there would also be 351
true negatives (TN), and 125 false negatives (FN). Taking GP judgement into account then in the 358
people GPs classify as having dementia M@T is the test with best classification, whereas Eurotest has
best classification in the 642 people classified as not having dementia. Combining M@T in the 358 classed
by GPs as having dementia and Eurotest in 642 classed by GPs no dementia results in a total of 414 TP

and 75 FP, with 376 TN and 138 FN.

Supplementary Table 3 gives the results of the exploratory bootstrapping procedure and indicates that
for the tests under evaluation, there is a general trend that the stratified approach has fewer false
classifications, though these differences could still be consistent with chance. For SPMT and CIT as the
unstratified test, the reduction in false classifications is attributable to fewer false negatives, whereas for
GPCOG there are fewer false positives with the stratified approach. With GPCOG (and to a lesser extend
SPMT) as the unstratified comparison, the stratified approach has a trade-off between FP and FN

whereas with CIT the trade-off is less clear, and stratification typically leads to fewer FP and FN.
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Supplementary Table 4 presents a STARD checklist. Supplementary Table 6 presents a cross tabulation

for each patient-index test against cognitive category.

Discussion

This is the most comprehensive evaluation of a wide variety of tests for the diagnosis of dementia in
people aged at least 70 years presenting to their GP with cognitive symptoms. We investigated the
accuracy of eight BCAs, three physical tests and five informant measures, both alone and combined with

GP judgement. Combining tests with GP judgement altered test accuracy.

There are several methodological strengths: patient selection is applicable to clinical practice, we verified
all cases against the same reference standard, and there was adjudication of the reference standard for
uncertain cases. We randomised the order of the index battery to minimise order effect. However, there
are important limitations. We did not include people who were unable to attend with an informant, or
people with severe cognitive impairment who were unable to consent, and so our findings cannot easily
be generalised to them, especially regarding test duration and informant tests. There was no evidence of
bias due to selective recruitment by GPs, or due to selective participation by cognitive status, but any
systematic bias in recruitment would limit the generalisability of our findings to the people who were
excluded [44]. We do not know whether GPs used any index tests prior to referral but based on previous
studies, clinical judgement is likely to be based on rules of thumb [46], not formal tests [47], and
information on referral forms indicated that judgement was informed by "face to face presentation".
There is insufficient power to detect statistically significant differences between test accuracy and the
confidence intervals for tests overlap. Test accuracy may vary between generations, for example when
using prime ministers, or currency, which are subject to change. A further important limitation is that

despite providing translation services the population were largely white, native English speakers.

Most comparable studies have reported the accuracy of single tests. For example, MoCA at a threshold of
26 was reported to have a sensitivity of around 94% and specificity of at most 60%, but this was based on

studies in secondary care which are likely to have a more severe spectrum of disease [36]. IQCODE at a
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threshold of 3.2 has been reported to have sensitivity 100% specificity 76% [48] and Eurotest at a
threshold of 21 has been reported to have sensitivity 91% specificity 82% [20]. These results are
comparable with ours. In a multi-test primary-care based study that included 47 people with dementia
out of a total of 141 people, Eurotest took an average 7 minutes and Phototest an average 3 minutes in
someone with dementia, and both tests had comparable accuracy [49], which compares well with our

findings.

While we have only tested a few comparisons with our exploratory bootstrapping procedure, our data
suggest that stratification by GP Judgement may help to reduce incorrect diagnostic classifications, but
the interplay between judgement and the test will determine the impact. Although it is not possible to
make firm recommendations about tests, we believe that BCAs such as M@T, Eurotest, and 6CIT and
GPCOG may be particularly useful to consider for further investigation or use in practice; the last two
tests may be particularly useful if time is highly valued in practice. These four tests have high predictive
values in this setting, and our results suggest that these tests may be particularly useful when GP

judgement is used to stratify people for further testing, but this requires confirmation in a future study.

One important implication is that there is substantial variation in duration of brief cognitive assessments
when performed in this setting. Clinicians who are short of time may prefer to be familiar with the use of
(and limitations of) a test which they can reliably do in less than 5 minutes in 95% of people, such as
GPCOG, which when combined with clinical judgment has high specificity but only modest sensitivity. A
second implication is that GP judgement could inform the selection of future tests because GP judgement
has an important impact on prevalence and therefore predictive values (and diagnostic accuracy) of tests.
The most time efficient diagnostic procedure while retaining high accuracy would be to stratify by GP
judgement and use IQCODE in people who GPs judge as having dementia and 6CIT in people who GPs

judge as having no dementia.

Further research in primary care to investigate the accuracy of tests for dementia in combination with GP
judgement and each other is important to help refine our results and reduce the uncertainty in the

estimates. Future research should attempt to identify the most discriminative tests to distinguish
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dementia and normal from MCl in people who in the clinical judgement of a GP have cognitive
impairment but not having dementia, and also investigate the effect of GP stratification of particular tests
on diagnostic accuracy, with particular attention given to the time taken to complete tests. We believe
that it may be helpful to focus future research on tests such as M@T, Eurotest, 6CIT and GPCOG for
reasons discussed above.

Declarations

Ethics approval and consent to participate

The National Research Ethics Service Committee London — Bromley (reference 14/L0O/2025) gave a
favourable ethical opinion on 25 November 2014. NHS Research and Development approvals were
granted by Avon Primary Care Research Collaboration on behalf of Bristol, North Somerset and South

Gloucestershire clinical commissioning groups. The University of Bristol acted as Sponsor.

Consent for publication

Not applicable

Availability of data and materials

The datasets generated and analysed during the current study are not yet publicly available as the funder
approved pre-specified data management plan stated we would embargo access for five years, but are
available from the corresponding author on reasonable request. Data will be available from the data.Bris

repository after an embargo period of five years. Statistical code is available on request from the authors.

Competing interests

STC None

MF None

21



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Creavin et al., Tests for the diagnosis of dementia syndrome

SC None

ML None

AB None

SP None

YBS None

Funding

The Wellcome Trust (Fellowship 108804/2/15/z £321,248), Avon Primary Care Research Collaboration
(£19,705), The Claire Wand fund (£5040), and the National Institute for Health Research School for
Primary Care Research (£9,971). The Western Clinical Research Networks approved an application for
service support costs for practices to provide for the expense of room hire in GP clinics and GPs referring
people to the study. YBS is partially supported by the NIHR Applied Research Collaboration West (NIHR
ARC West). The views expressed in this article are those of the author(s) and not necessarily those of the

NIHR or the Department of Health and Social Care.

Authors' contributions

STC: conception, design, data acquisition analysis and interpretation, drafting manuscript, final approval

of manuscript

MF: data acquisition, critical revision of manuscript for important intellectual content, final approval of

manuscript

SC: design, critical revision of manuscript for important intellectual content, final approval of manuscript

AB: critical revision of manuscript for important intellectual content, final approval of manuscript

SP: conception, design, data interpretation, critical revision of manuscript for important intellectual

content, final approval of manuscript

22



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Creavin et al., Tests for the diagnosis of dementia syndrome

ML: analysis and interpretation, critical revision of manuscript for important intellectual content, final

approval of manuscript

YBS: conception, design, data interpretation, critical revision of manuscript for important intellectual

content, final approval of manuscript

Acknowledgements

The authors thank the participants and the staff at participating practices, without whom this work would
not have been possible. The staff at the West of England Clinical Research Network arranged for
redaction, collection and transport of medical records from general practices. Dr Judy Haworth made an
invaluable contribution to the paper but sadly died before publication. Part of this work was completed
as part of a PhD thesis: Approaches to diagnosing dementia syndrome in general practice : Determining
the value of clinical judgement and tests Creavin, S. T. (Author). 29 Sep 2020.

https://hdl.handle.net/1983/d9bb2e2c-bd69-4266-bd6c-e6c52fe628d2.

References

1 James Lind Alliance. Dementia Top 10 Priorities. Res. Priorities top 10s.

2014.http://www.lindalliance.org/top-tens.asp (accessed 23 Jul 2014).

2 Iliffe S, Robinson L, Brayne C, et al. Primary care and dementia: 1. diagnosis, screening and disclosure.

Int J Geriatr Psychiatry 2009;24:895-901. doi:10.1002/gps.2204

3 lliffe S, Manthorpe J, Eden A. Sooner or later? Issues in the early diagnosis of dementia in general

practice: A qualitative study. Fam Pract 2003;20:376-81. doi:10.1093/fampra/cmg407

4 National Institute for Health and Care Excellence. Dementia: assessment, management and support for

people living with dementia and their carers. 2018.

5 Irving G, Holden J. The time-efficiency principle: time as the key diagnostic strategy in primary care.

Fam Pract 2013;30:386-9. doi:10.1093/fampra/cmt007

23



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Creavin et al., Tests for the diagnosis of dementia syndrome

10

11

12

13

14

15

24

Samsi K, Abley C, Campbell S, et al. Negotiating a labyrinth: experiences of assessment and diagnostic
journey in cognitive impairment and dementia. Int J Geriatr Psychiatry 2014;29:58-67.

doi:10.1002/gps.3969

Burns A, Twomey P, Barrett E, et al. Dementia diagnosis and management A brief pragmatic resource
for general practitioners. 2015. http://www.england.nhs.uk/wp-content/uploads/2015/01/dementia-

diag-mng-ab-pt.pdf

Wehrmann H, Michalowsky B, Lepper S, et al. Priorities and Preferences of People Living with
Dementia or Cognitive Impairment - A Systematic Review. Patient Prefer Adherence 2021;15:2793—

807. doi:10.2147/PPA.S333923

Reeve E, Bell JS, Hilmer SN. Barriers to Optimising Prescribing and Deprescribing in Older Adults with
Dementia: A Narrative Review. Curr Clin Pharmacol 2015;10:168-77.

doi:10.2174/157488471003150820150330

Bell S, Harkness K, Dickson JM, et al. A diagnosis for £55: What is the cost of government initiatives in

dementia case finding. Age Ageing 2015;44:344-5. doi:10.1093/ageing/afu205

Rami L, Molinuevo JL, Sanchez-Valle R, et al. Screening for amnestic mild cognitive impairment and
early Alzheimer’s disease with M@T (Memory Alteration Test) in the primary care population. IntJ

Geriatr Psychiatry 2007;22:294-304. doi:10.1002/gps.1672

Burns A. Alistair Burns and 51 colleagues reply to David Le Couteur and colleagues. BMJ

2013;347:f6125. doi:10.1136/bmj.f6125

Le Couteur DG, Doust J, Creasey H, et al. Political drive to screen for pre-dementia: not evidence based

and ignores the harms of diagnosis. BMJ 2013;347:f5125. d0i:10.1136/bmj.f5125

Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal Cognitive Assessment, MoCA: a brief
screening tool for mild cognitive impairment. J Am Geriatr Soc 2005;53:695-9. d0i:10.1111/j.1532-

5415.2005.53221.x

Pezzotti P, Scalmana S, Mastromattei A, et al. The accuracy of the MMSE in detecting cognitive

impairment when administered by general practitioners: a prospective observational study. BMC Fam



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Creavin et al., Tests for the diagnosis of dementia syndrome

16

17

18

19

20

21

22

23

24

25

25

Pract 2008;9:29. doi:10.1186/1471-2296-9-29

Brooke P, Bullock R. Validation of a 6 item cognitive impairment test with a view to primary care usage.
Int J Geriatr Psychiatry 1999;14:936—40. doi:10.1002/(SICI)1099-1166(199911)14:11<936::AlD-

GPS39>3.0.C0O;2-1

Flahault A, Cadilhac M, Thomas G. Sample size calculation should be performed for design accuracy in

diagnostic test studies. J Clin Epidemiol 2005;58:859-62. d0i:10.1016/j.jclinepi.2004.12.009

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. DSM-V.

Washington, DC: : Author 2013.

Creavin ST, Haworth J, Fish M, et al. Clinical judgment of GPs for the diagnosis of dementia: a
diagnostic test accuracy study. BJGP open Published Online First: 14 September 2021.

doi:10.3399/BJGP0.2021.0058

Carnero-Pardo C, Gurpegui M, Sanchez-Cantalejo E, et al. Diagnostic accuracy of the Eurotest for
dementia: a naturalistic, multicenter phase Il study. BMC Neurol 2006;6:15. doi:10.1186/1471-2377-6-

15

Carnero-Pardo C, Espejo-Martinez B, Lopez-Alcalde S, et al. Effectiveness and costs of phototest in

dementia and cognitive impairment screening. BMC Neurol 2011;11:92. doi:10.1186/1471-2377-11-92

Takechi H, Dodge HH. Scenery Picture Memory Test: a new type of quick and effective screening test
to detect early stage Alzheimer’s disease patients. Geriatr Gerontol Int 2010;10:183-90.

doi:10.1111/j.1447-0594.2009.00576.x

Brodaty H, Pond D, Kemp NM, et al. The GPCOG: a new screening test for dementia designed for

general practice. J Am Geriatr Soc 2002;50:530-4.http://www.ncbi.nIm.nih.gov/pubmed/11943052

Borson S, Scanlan J, Brush M, et al. The mini-cog: a cognitive ‘vital signs’ measure for dementia
screening in multi-lingual elderly. Int J Geriatr Psychiatry 2000;15:1021—

7.http://www.ncbi.nlm.nih.gov/pubmed/11113982 (accessed 20 Jun 2014).

Inouye SK, Robison JT, Froehlich TE, et al. The time and change test: a simple screening test for

dementia. J Gerontol A Biol Sci Med Sci 1998;53:M281-



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Creavin et al., Tests for the diagnosis of dementia syndrome

26

27

28

29

30

31

32

33

34

26

6.http://www.ncbi.nlm.nih.gov/pubmed/18314567 (accessed 20 Jun 2014).

Podsiadlo D, Richardson S. The timed ‘Up & Go’: a test of basic functional mobility for frail elderly
persons. J Am Geriatr Soc 1991;39:142-8.
doi:http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_u

ids=1991946

Blankevoort CG, van Heuvelen MJG, Scherder EJA. Reliability of six physical performance tests in older

people with dementia. Phys Ther 2013;93:69-78. do0i:10.2522/ptj.20110164

Richards M, Marder K, Bell K, et al. Interrater reliability of extrapyramidal signs in a group assessed for

dementia. Arch Neurol 1991;48:1147-9. doi:10.1001/archneur.1991.00530230055021

Hummel T, Sekinger B, Wolf SR, et al. ‘Sniffin’ Sticks’: Olfactory Performance Assessed by the
Combined Testing of Odour Identification, Odor Discrimination and Olfactory Threshold. Chem Senses

1997;22:39-52. doi:10.1093/chemse/22.1.39

Pfeffer RI, Kurosaki TT, Harrah CH, et al. Measurement of Functional Activities in Older Adults in the
Community 1. J Gerontol 1982;37:323-9.https://oup.silverchair-
cdn.com/oup/backfile/Content_public/lournal/geronj/37/3/10.1093/geronj/37.3.323/2/37-3-
323.pdf?Expires=1504184496&Signature=N8XXPrx4swfeyB~WIdQczg3utaUPCQEdWIA3yl~h52nZSPkas

oR~9tH-gPswqW-dqgeDI6h08Q2jSWdLyh7xt)~rCg8hcux8-rGNTIvJi4C (accessed 10 Jul 2014).

Lawton MP, Brody EM. Assessment of older people: self-maintaining and instrumental activities of
daily living. Gerontologist 1969;9:179-86.http://www.ncbi.nlm.nih.gov/pubmed/5349366 (accessed 8

Dec 2014).

Katz S, Ford AB, Moskowitz RW, et al. Studies of lliness in the Aged. The Index of ADL: A Standardized
Measure of Biological and Psychosocial Function. JAMA 1963;185:914—

9.http://www.ncbi.nlm.nih.gov/pubmed/14044222 (accessed 16 Dec 2014).

Galvin JE, Roe CM, Powlishta KK, et al. The ADS8: a brief informant interview to detect dementia.

Neurology 2005;65:559—64. d0i:10.1212/01.wnl.0000172958.95282.2a

Jorm AF. A short form of the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE):



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Creavin et al., Tests for the diagnosis of dementia syndrome

35

36

37

38

39

40

41

42

43

27

development and cross-validation. Psychol Med 1994;24:145—

53.http://www.ncbi.nIm.nih.gov/pubmed/8208879 (accessed 16 Dec 2014).

Ballard CK, Alistar BNE, Corbett AK, et al. Helping you to assess cognition: A practical toolkit for
clinicians. London: : Alzheimer’s Society 2015.

http://www.alzheimers.org.uk/site/scripts/download_info.php?filelD=2532

Davis DHJ, Creavin ST, Yip JLY, et al. Montreal Cognitive Assessment for the diagnosis of Alzheimer’s
disease and other dementias. Cochrane database Syst Rev 2015;10:CD010775.

doi:10.1002/14651858.CD010775.pub2

Hsieh S, Schubert S, Hoon C, et al. Validation of the Addenbrooke’s Cognitive Examination Il in
frontotemporal dementia and Alzheimer’s disease. Dement Geriatr Cogn Disord 2013;36:242-50.

doi:10.1159/000351671

Adshead F, Cody DD, Pitt B. BASDEC: a novel screening instrument for depression in elderly medical
inpatients. BMJ
1992;305:397.http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1883136&tool=pmcentrez

&rendertype=abstract (accessed 11 Nov 2015).

Bucks RS, Ashworth DL, Wilcock GK, et al. Assessment of activities of daily living in dementia:
development of the Bristol Activities of Daily Living Scale. Age Ageing 1996;25:113—

20.http://www.ncbi.nIm.nih.gov/pubmed/8670538 (accessed 11 Nov 2015).

World Health Organization. The ICD-10 classification of mental and behavioural disorders: Diagnostic

criteria for research. Geneva: : World Health Organisation 1993.

Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: Building an international community of

software platform partners. J Biomed Inform 2019;95:103208. doi:10.1016/j.jbi.2019.103208

Prince M, Wimo A, Guerchet M, et al. World Alzheimer Report 2015: The Global Impact of Dementia -
An analysis of prevalence, incidence, cost And trends. London: 2015.

http://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf

NHS England. Numbers of Patients Registered at a GP Practice - April 2018. 2018.



10

11

12

13

14

15

16

17

18

19

Creavin et al., Tests for the diagnosis of dementia syndrome

44

45

46

47

48

49

28

https://digital.nhs.uk/data-and-information/publications/statistical/patients-registered-at-a-gp-
practice/patients-registered-at-a-gp-practice-april-2018-special-topic---registered-patients-compared-

to-the-projected-resident-population-in-england

Creavin ST, Haworth J, Fish M, et al. Clinical judgement of General Practitioners for the diagnosis of

dementia. medRxiv Published Online First: 2020. doi:10.1101/2020.11.20.20234062

Petersen RC. Mild cognitive impairment as a diagnostic entity. In: Journal of Internal Medicine. 2004.

183-94. doi:10.1111/j.1365-2796.2004.01388.x

Pentzek M, Fuchs A, Wiese B, et al. General practitioners’ judgment of their elderly patients’ cognitive

status. J Gen Intern Med 2009;24:1314-7. doi:10.1007/s11606-009-1118-2

O’Connor DW, Pollitt PA, Hyde JB, et al. Do general practitioners miss dementia in elderly patients?

BMJ 1988;297:1107-10.http://www.ncbi.nIm.nih.gov/pubmed/3143447 (accessed 18 Jun 2014).

Harrison JK, Fearon P, Noel-Storr AH, et al. Informant Questionnaire on Cognitive Decline in the Elderly
(IQCODE) for the diagnosis of dementia within a general practice (primary care) setting. Cochrane

database Syst Rev 2014;7:CD010771. doi:10.1002/14651858.CD010771.pub2

Carnero-Pardo C, Rego-Garcia |, Mené Llorente M, et al. Utilidad diagndstica de test cognitivos breves
en el cribado de deterioro cognitivo. Neurologia Published Online First: August 2019.

d0i:10.1016/j.nrl.2019.05.007



